Introduction
According to The South African Federation of Mental Health, approximately one in five South Africans suffer from a mental illness, and approximately 25% of all general practitioner consultations are because of psychiatric conditions. 1 Many of these patients will be referred to a psychiatrist or undergo a battery of investigations to exclude an organic aetiology for their presenting symptoms. Computerised tomography (CT) is used extensively in psychiatric practice as a neuroimaging screening tool to identify possible intracranial pathology. The average cost of a CT brain scan is between R3000 and R5000 in South Africa. The approximate effective radiation dose of a contrasted CT brain scan is 4 millisieverts (mSv), which is comparable to 200 chest X-rays (0.02 mSv). These estimates highlight the potential burden of disease associated with psychiatric conditions. There is also the increased radiation exposure and its risk to patients must be weighed against the possible benefit of investigative CT brain scans in the psychiatric patient population.
There are no official South African guidelines regarding the use of CT as an investigative tool in psychiatric patients. Much debate has occurred with regard to appropriate screening tests in patients who present with psychiatric symptoms. The Royal Australian and New Zealand College of Psychiatrists (RANZCP) recommend routine neuroimaging for patients presenting with firstepisode psychosis. They do, however, acknowledge that evidence regarding the possibility of routine CT imaging altering patient outcomes or clinical management is currently not available and needs to be explored. 
Background:
No clear guidelines exist regarding the role of computerised tomography (CT) as a screening neuroimaging tool in psychiatric practice. The aim of this study was to evaluate the usefulness of historical and clinical parameters on the CT request form, identify the spectrum of CT findings and correlate these to develop guidelines for the use of screening CT brains in patients who present with psychiatric symptoms.
Methods:
Requests and reports for the brain CT's of 507 consecutive patients over a 2-year period, between 2013 and 2014, referred from a psychiatric institute for screening CT brain scans, were reviewed. Analysis was performed for the history of trauma and seizures, Glasgow Coma Scale (GCS) score, focal neurological signs, papilloedema, electroencephalograph, relevant blood results and abnormal CT findings. All reports were approved by a consultant radiologist.
Results:
No abnormality was noted in 69% of CT scans. Cerebral atrophy, infarcts, cysts and calcific foci were present in 30% of patients. One patient presenting with focal neurology had a CT demonstrating an extradural haematoma which required neurosurgical intervention. No focal brain lesions, potentially responsible for the psychosis, were identified in any other patient.
Conclusion:
Routine CT screening of patients who present with psychotic symptoms, in the absence of focal neurological deficit, does not add value to patient outcome, but rather contributes to the escalating health care expenses and unnecessary radiation dose. CT screening of psychiatric patients should be reserved for patients with reliable predictors of intracranial abnormalities such as lateralising signs, seizures, persistent or worsening headaches; decrease in GCS, papilloedema and in patients where the onset of symptoms occurred at an age above 50. 
Aim
The study aimed to determine the spectrum of abnormalities seen on brain CT scans of psychiatric patients for whom CT screening was performed. The study was undertaken in order to provide preliminary data for the development of guidelines for the use of CT in this cohort. The objectives of the study were to:
• identify the demographic, historical and clinical information, • assess the indications on the CT request form, and • describe the spectrum of findings of the CT brain screenings.
Method
Townhill Hospital is a provincial facility specialising in mental health care located in Pietermaritzburg, KwaZuluNatal Province. The CT brain scans that are requested by Townhill's psychiatrists are performed at the neighbouring Grey's Hospital, which is a tertiary level referral and teaching institution. The electronic request forms and reports for inpatients referred for psychiatric screening CT brain scans from Townhill Hospital were retrospectively analysed for 507 consecutive CT brain scans performed over a 2-year period, between 2013 and 2014. This information was retrieved from the computerised appointment records and the radiology information system that links scanned hand-written request forms to the radiology report and CT images. The forms were reviewed for the presence or absence of the following information: demographic (age and gender), historical (history of trauma, seizures), clinical examination (Glasgow Coma Scale [GCS] score, focal neurological signs, papilloedema), clinical investigations (electroencephalograph results and relevant blood tests as shown below) and indication for the study. The abnormal CT scan report findings were also captured, especially those that could cause psychosis and alter the patient's management. All reports were performed by trained staff and approved by a consultant radiologist. 
Results
Of the 507 records reviewed, 279 male (median age 29 years) and 228 female patients (median age 35.5 years) were evaluated. The highest number of men were in the 25-34 age group (33%) and the highest number of women were in the above 45 age group (34%).
The age distribution of women was significantly different to the men (p = 0.001), and the median age of women (35.5) was significantly greater than that of men (29). A contributing factor may have been due to the increased substance use in the younger male cohort ( Table 1 ).
The clinical history and motivation for the investigation were absent in the vast majority of patients referred. Relevant information such as a history of trauma was not provided in 448 patients (88%). No information about previous seizures was provided in 500 patients (98%). Clinical information relating to the GCS score, focal neurological signs and papilloedema and results of an electroencephalograph and blood tests were not provided in more than 93% of patients (Table 2 ).
There were various indications for requesting the CT scans; 75% were requested to exclude a general medical condition (GMC) with no supporting laboratory or clinical information.
Other patients had multiple indications, for example, to exclude a GMC and to exclude a substance-induced psychosis. Twelve patients did not have any indication provided (Table 3 ).
Taking into account that patients had multiple indications, the most common reasons for requesting the CT scan were to exclude GMCs or organic causes in 336 patients, first onset of psychosis in 190 patients, known psychosis in 161 patients and mood disorders in 138 patients as shown in Figure 1 . Of the 507 cases, 348 (69%) had no intracranial abnormality noted on the CT scan. Of these 348 patients, four had extracranial abnormalities including a scalp foreign body, sinusitis, a previous burr hole defect and an old depressed skull fracture. In the studies demonstrating pathology, 111 cases (21%) demonstrated cerebral atrophy, 18 cases (4%) had calcific foci, 24 patients (5%) had infarcts and 6 patients (1%) were found to have cysts. Many patients with cerebral atrophy do not have psychosis, and even though there is an association between schizophrenia and global atrophy, 3 this was not stated as an indication for referral on the request form. The one patient with a positive focal sign had a proven parietal extradural haematoma (Figure 2 ).
Discussion
In this study, CT has been implemented as a routine investigation for a significant majority of psychiatric patients to exclude possible organic pathology. In this situation, radiologists rely on the clinical information provided by clinicians to advise on the use and timing of appropriate investigations. The patients involved in this study were appointed CT scan dates via an elective booking system. The lack of relevant trauma and seizure history, as well as of significant clinical and laboratory investigations provided, prevented the appropriate selection of patients who may have benefitted from early utilisation of CT scans of the brain to identify a treatable aetiology for their symptoms. It further increased the duration of the waiting time for patients to be scanned and added to the workload of the scanner, all escalating the burden on our strained health system. The majority of CT scans performed in this study were normal, indicating a discordance between psychosis and abnormal findings on CT scans. However, there are prior studies that refute this. In the 2007 South African study by Jeenah and Moosa, 3 conducting CT screening was encouraged as a central nervous system disorder may initially manifest as a psychiatric symptom with a treatable cause such as an intracranial tumour, which can be diagnosed by CT and may otherwise be missed. They studied 55 eligible CT scans of 600 psychiatric patients and concluded that abnormalities were found in 20 (36.4%). Of these abnormalities, six had old infarcts, seven had global atrophy, one had sustained a trauma and six were grouped with the following conditions: pituitary adenoma, tuberculous granuloma and neurocysticercosis. This study differed from Jeenah's study, evaluating 507 CT scans compared to 55 CT scans. The incidence of cerebral atrophy was 21% in this study compared to 12% in their study. McClellan et al. 5 conducted a comprehensive retrospective audit of the CT brain scans of 261 patients admitted with psychiatric symptoms over a 3-year period, of whom 88% were normal and 12% were found to be abnormal because of cortical atrophy, basal ganglia calcifications and old lacunar infarction, all of which were unrelated to the patient's psychiatric condition. Their results showed that there was no justification for routinely conducting CT scans for psychiatric inpatients in the absence of focal neurological signs. In concordance with the above findings was Khandapour et al., 6 who reviewed 112 consecutive MRI brain scans and 204 consecutive CT brain scans performed on patients with first onset psychosis, the aim being to determine whether imaging was associated with early detection of organic causes of psychosis. Their conclusion revealed that routine magnetic resonance imaging (MRI) and CT brain scans performed on patients without focal neurology were unlikely to identify a disease process and did not impact on their management.
The performance of the published criteria used by psychiatrists, 7 whereby CT brain scans were used in all patients presenting with schizophrenia or first onset psychosis, was critiqued by Rock and Owen. 8 Their study consisted of a 3-year retrospective case note audit of 143 patients (one abnormality was noted that did not alter the diagnosis or management of the patient), which revealed that the efficacy of the published criteria was not supported. They recommended that new clinically relevant guidelines for the use of CT scans be developed.
Supporting the above findings was a study by Agzarian et al., 9 who retrospectively assessed 397 consecutive CT brain scans of patients who presented with psychiatric symptoms without focal neurology over a 2-year period. No abnormalities were found in 95% of the scans, with 5% showing non-specific minor abnormalities that were followed up by MRI, which showed no relevant abnormality, whereas those noted on the CT scan were considered to be unrelated to the patient's psychiatric condition. In their conclusion, Agzarian et al. made mention of two important factors, the cost of performing the 397 scans (approximately 6000 Australian Dollars), with little apparent benefit related to the patient's management, and the risk of radiation exposure outweighing any real assistance to their management.
Similarly, Strahl et al. 10 identified inconsistencies in the worldwide recommendation of brain CT algorithms of 237 patients presenting with first onset psychotic symptoms without focal neurological signs who had CT scans. All reports were approved by a consultant radiologist, and the results did not identify any focal brain lesion potentially responsible for the psychosis or focal lesion requiring surgical intervention in any patient. Hrabrić et al., 11 Goulet et al. 12 and Bain 13 reached related conclusions.
Psychiatric geriatric populations ranging between 55 and 90 years were evaluated by Rozenbilds and Gilchris 14 who had similar findings to Hollister and Harris 15 in demonstrating that factors which correlated strongly with an abnormal CT were a recent alteration in behaviour or personality or a first psychotic event after the age of 50.
The current study also found CT scans to be of little benefit, with clinical examination, history of seizures, focal neurological deficit and age at onset of symptoms being more specific in predicting positive causative outcomes, thus supporting the role of CT in refuting or confirming abnormal findings of other clinical investigations. The low rate of organic abnormalities, high cost low yield and exposure to radiation warrant consideration of the value of CT as an investigative tool (Table 4) .
Proposed guidelines for workup of a psychiatric patient
This study has revealed similar findings to the authors McClellan et al., 5 Khandapour et al., 6 Rock and Owen, 8 Agzarian et al., 9 Strahl et al., 10 Hrabrić et al., 11 Goulet et al. and Bain, 13 who are against using CT as a screening neuroimaging tool. Relevant laboratory investigations are more cost effective than advanced radiological tests and could be used instead of conducting a CT scan. CT scans are not only expensive but also expose the patient to radiation. This study therefore recommends using patient demographics, that is, age at presentation, GCS score, focal neurological signs, seizures and papilloedema, as clinical criteria to warrant the use of CT. Guidelines have been proposed in the workup of a psychiatric patient noting that CT brain is not routinely indicated with an emphasis on history, physical examination and relevant laboratory investigations to inform such a decision. 16 In this study, one patient with a focal neurological sign required intervention and an organic cause was identified. It has been recommended that a patient presenting with the following history, symptoms and signs warrants a CT brain:
12
• age at onset of symptoms greater than 50 years 14, 15 • history of head trauma or seizures 5 • persistent or increasing headache 14 • decrease in the GCS • presence of focal neurological signs 5 • presence of papilloedema 5 
Conclusion
The limitations identified in this study are that patients were limited to referrals from a single hospital, this is a retrospective study of referred patients and case ascertainment was not controlled. The evidence from this study indicates that routine requests for CT brain scanning of patients who present with psychotic symptoms in the absence of focal neurological deficit do not add value to patient outcome, but rather contribute to the escalating health care expenses and increase their radiation dose. CT of the brain should be carefully considered within the context of a clinical presentation of psychosis.
